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_ _ _ _ _ ra ioscopic image ormer COmp?SES a s 1 e ween an 

[30] Fm'e'gn Apphcatlon Pnonty Data X-ray source and a subject to produce an X-ray fan 
Oct. 24, 1985 [NL] Netherlands ....................... .. 8502910 beam to scan the subject. The transmission of the slit is 

4 adjusted locally during the scanning depending on local 
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tongue being excited at or near its resonant frequency. 
6 . 

[5 1 References C'ted Each tongue has its own frequency or phase and acts as 
US. PATENT DOCUMENTS 

4,626,688 12/1986 Barnes ............................... .. 378/156 
4,639,941 1/1987 Houns?eld ............. .. 

a frequency-selective element. 

5 Claims, 1 Drawing Sheet 

MT 

OSC + 



US. Patent Nov. 15, 1988 4,785,471 

G 
M12 

M22 

M32 

5 J7 Y SERVO 
DC 

DC 

DC 

DC 



4,785,471 
1 

RADIOSCOPIC IMAGE DEVICE 

The invention relates to a radioscopic image former 
for producing X-ray photographs or electronic images 
of patients or other subjects capable of transmitting X 
rays. 
For medical applications the contrast range is very 

large. If it is possible for the image to contain the com 
plete contrast range, small differences in contrast are in 
danger of becoming invisible. 
According to a known technique this is prevented by 

dividing the subject up into a number of small regions 
and then regulating the X-ray intensity in each small 
region so that the average image intensity transmitted is 
approximately equal in all the small regions. Fine details 
within a small region are then readily visible. 
According to Vlasbloem (Dutch Patent Application 

No. 8,400,845) this is achieved by placing a slit between 
X-ray source and subject, which slit moves in a direc 
tion perpendicular to the longitudinal direction of the 
slit. The patient is thus scanned with a flat X-ray beam. 
One. (or 2) side(s) of the slit consists of a number (e.g. 
20) of tongues of material which is opaque to X-rays. 
The tongues are electrically controlled and in this way 
regulate the local width of the slit. The control may be 
piezoelectric or electromagnetic. 
As the horizontal slit scans the patient vertically, the 

slit section of each tongue will describe its own vertical 
track across the patient. Behind the patient there is an 
X-ray detector in the track of each tongue. The signal 
from each detector controls its own tongue via a feed 
back circuit. The intensity is thus kept constant behind 
the patient in the small region of each tongue. 
The method has proved to work well. 
There are, however, two practical drawbacks: 
l. A large number of X-ray detectors are required, 
2. each slit section (tongue) must be imaged on the 

correct, associated detector. As a result of this, there is 
no longer a free choice in the position of the image 
screen. 

These drawbacks are avoided in the present inven 
tion. This is achieved by means of additional modula 
tions of the X-ray beam. 
The X-ray beam from each slit section is also modu 

lated yet again periodically with respect to time 
(“chopped”) and, indeed, each section is modulated 
with a different frequency. The position information is 
now contained in the time frequency and one X-ray 
detector is sufficient which sums the entire slit image. A 
row of detectors is no longer necessary. There is now 
furthermore a free choice in the siting of the image 
screen since the position information is contained in the 
time frequencies. Just as many frequencies may be 
chosen as there are small slit areas. But half the number 
may also be sufficient. Two small areas may be given 
the same frequency since, provided the X-ray modula 
tions differ by 90” in phase, the signals can always be 
recovered. 
The additional modulations may be brought about by 

one or more moving rasters in the X-ray beam. 
But it is also possible to use Vlasbloem’s electrically 

controlled tongues for this purpose. This will be ex 
plained by reference to drawings 1 to 4 incl. 
FIG. 1 shows an X-ray source 1, a slit 2 which is 

cyclically exposed by the vibrating tongue 3, a subject 
4, fluorescent screen 5, camera 6, photocell 7, phase 
shifter 10, oscillator 8 and summing device 9. 
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2 
FIG. 2 shows a number of tongues with different 

resonance frequencies. 
FIG. 3 shows an X-ray source 1, a slit 2 which can 

transmit X-ray radiation twice in each cycle of the vi 
brating tongue 3, a subject 4 and a tubular X-ray image 
intensi?er tube 5. 16 and 17 are light intensities at the 
top and bottom of tube 5, 18 being the total intensity. 
FIG. 4 shows an arrangement of FIG. 3 with camera 

6, photocell 7, self-oscillating tongue oscillator 8 with 
limiter 9, frequency doubler 14, and modulators Mn. 

In FIGS. 1, 2 and 3 are sections through the slit and 
through one tongue, which in this case is excited piezo 
electrically at its resonant frequency by oscillator 8. In 
its quiescent state tongue 3 precisely covers the slit 2. 
During oscillation a cyclically modulated X-ray beam is 
produced. 

After passage through the patient and ?uorescence of 
the screen 5, the output signal of the photomultiplier 
forms a series of pulses having the frequency of the 
tongue. The total signal from all the tongues together 
forms a spectrum. 

This signal could be selectively detected in a number 
of detectors and the DC voltages produced used to 
adjust the respective tongues. 

In this manner the result is achieved that the X-ray 
intensity behind the patient is approximately equally 
large in each small region. This means contrast com 
pression for the low spatial frequencies in the image. 

Instead of tongue adjustment, the detector signals can 
also be used to regulate the individual tongue ampli 
tudes since the average X-ray intensity is more or less 
proportional to the amplitude of vibration. This latter 
method, i.e. amplitude regulation, has been used. in 
FIG. 1. In FIG. 1 no separate selective detectors are 
used. In this case these are the tongues themselves. 
After suitable phase shift the composite signal from all 
the tongues supplied from 7 is fed back to all the 
tongues. As a result of resonance, each tongue only 
responds to that frequency component ,in the signal 
which it has itself produced. The said component forms 
a damping term for said tongue which reduces its vibra 
tion amplitude and consequently also the average X-ray 
transmission. The damping is larger at points where 
there is little X-ray absorption since the tongue vibrates 
less and the beam is more strongly attenuated. 

If the tongue spectrum is so chosen that it comprises 
less than one octave, the signal may be distorted. 
A set of tongues with different resonant frequencies is 

shown in FIG. 2. If there are N tongues, the oscillator 
8 and the summing device 9 in FIG. 1 appear N times 
but the photocell 7 and the phase shifter (and possibly 
an ampli?er) only once. 
The equipment in FIG. 1 is still subject to 2 draw 

backs: 
l. The slit transmits less than half the X-ray energy. 
2. The X-ray beam ?ickers. The vertical scanning 

speed must be slow enough- that no lines appear in the 
image. The embodiments of the present invention in 
FIGS. 3 and 4 avoid said drawbacks. 

In FIG. 3 the slit 2 is covered by the tongue 3 when 
the latter is in its quiescent state. When 3 vibrates, the 
slit transmits X-ray radiation 2 times per vibration cy 
cle. The X-ray output is therefore twice as great as in 
FIG. 1. The flicker frequency is also twice as great and 
the slit can therefore scan the patient more rapidly be 
fore lines become visible in the image. 

In FIG. 3 a tubular X-ray image intensifier is shown 
as “fluorescent screen”. As the slit scans the patient 
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from top to bottom, said tube must also move in order to 
remain in the ?at beam. 
Although the slit 2 transmits radiation 2 times per 

cycle, the transmission is spatially somewhat separated. 
Signal 6 is incident on the top half of tube 5 and signal 
17 on the bottom half. If tube 5 is correctly positioned, 
no fundamental wave appears in the total signal 18. 
During the scanning, tube 5 has to follow the move 

ment of slit unit 2, 3. If it does not, fundamental wave is 
produced in the total signal, from which a phasesensi 
tive detector can derive an error signal for a position 
servo. ' 

The signal 18, which has the frequency 2f, now has to 
control the amplitude of the tongue having frequency f. 
This cannot be done by means of the simple coherent 
feedback in FIG. 1 since the signal and tongue frequen 
cies are different. Coherent feedback is, however, quite 
possible if there is a balance modulator for each tongue, 
which modulator transposes the signal downwards by 
the frequency f, the control frequency of the tongue. A 
tongue responds only to that term in the product of 
mixing which corresponds to the tongue frequency. 
Provided it is of correct phase, this is a damping term 
for said tongue. All of this is completely analogous to 
FIG. 1. 

But just as incoherent feedback would be possible in 
FIG. 1, it is also possible here. An incoherent control of 
the tongue vibration amplitude is shown in FIG. 4. The 
piezoelectric tongue 3 is incorporated in a self-oscillat 
ing manner in the feedback circuit 3, 8, 9 (9 is a limiter). 
The frequency of the tongue T1 shown is f1. The said 
tongue produces in the photocell 7 a frequency 2f 1 
which will have to control the tongue amplitude, and a 
signal having frequency f1 which is capable of control 
ling the position servo as described earlier. 
The modulator M12 produces DC from the signaL 

having frequency f1 for the bene?t of the position servo. 
The modulator M11 having switching frequency 2f 1 
produces DC from the signal component having fre 
quency 2f1. At the output of the low pass ?lter RC a DC 
voltage is produced which regulates the tongue ampli 
tude via limiter 9. Other tongues having other frequen 
cies in their photocell signal do not produce DC in the 
mixer M11. 

In this case, therefore, the selective element is not the 
tongue itself, but the homodyne mixer M11 together 
with the low pass ?lter. If there are N tongues, there 
have also to be N ampli?ers 8 and N limiters 9, one 
photocell 7, N mixers M12. . . Mm, N doublers 14, N 
error ampli?ers 13, one reference voltage but N sub 
traction circuits. 
The position servo modulators M12. . . M22 etc. do not 

have to be present in N-fold. 

15 

25 

35 

40 

45 

55 

65 

4 
In FIG. 4 each tongue has its own oscillator. But it is 

also possible to dimension the tongues so that their 
resonant frequencies are all multiples of a low funda 
mental frequency. One set of pulses with this low funda 
mental frequency can then be used to excite all the 
tongues. 
With satisfactorily dimensioned tongues it is also 

possible to derive the oscillator signals from an inte 
grated circuit such as has been developed for electronic 
organs. 

I claim: 
1. An apparatus for slit radiography, which com 

prises: 
an X-ray source; 
an X-ray detector for sensing radiation pasing 
through a body to be radiographed; 

a slit diaphragm positioned between said X-ray 
source and said body for forming a substantially 
planar X-ray beam; 

a plurality of attenuating elements positioned along 
said slit diaphragm forming corresponding number 
of attenuating sections; 

means to move said elements within said X-ray beam; 
means for scanning said body with said planar X-ray 
beam; 

detection means co-operating with said X-ray detec 
tor and being responsive to radiation sensed by said 
X-ray detector to prodice an electric signal repre 
sentative of intensity of the sensed radiation; and 

means for controlling said means to move said attenu 
ating elements during ‘scanning of said body in 
response to said electric signal, such that the move 
ment of each attenuating element modulates for 
each corresponding section, the intensity of X-ray 
radiation at a certain temporal frequency, wherein 
each attenuating element moves in response to a 
different frequency or phase than all other attenu 
ating elements. , 

2. The apparatus as de?ned in claim 1 wherein said 
attenuating elements comprises a plurality of tongues 
and wherein said means for controlling said attenuating 
elements to modulate the intensity of said X-ray radia 
tion comprises means for exciting each tongue to vi 
brate at or near resonant frequency. _ 

3. The apparatus as de?ned in claim 2 wherein said 
means for controlling the means to move said attenuat 
ing sections comprises frequency selective circuits. 

4. The apparatus as de?ned in claim 3 wherein said 
frequency selective circuits include said tongues. 

5. The apparatus as de?ned in claim 2 and further 
including means to control vibrational amplitudes of 
said vibrating tongues. 

* * i * i 
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